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Abstract 
This work is to study the dynamic characteristics of an oil turbine (OT) in the lubricating system of large-scale steam 
turbines. The configuration and the functions of OT are introduced. The mathematical models are accordingly 
explored. In addition, the experiment results are predicted and compared with the theoretical prediction. Finally, the 
dynamic characteristics in the start-up procedure are simulated and analyzed. The agreement between the numerical 
results and the experiment observations is in general satisfactory. It shows that the numerical simulation approach is 
reliable, and could be applied into the dynamic characteristics research and optimization of other complicated fluid 
systems as hydropower station. 
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1. Introduction 
Nomenclature 
M  fluid mass ; t  time; W  mass flow rate; U  fluid energy; V  fluid velocity; P  pressure; G  fluid 
momentum; Fw  shear stress of the wall; z  elevations; A  cross area;   density of oil; sw  expansion 
work; g  acceleration of gravity; e  position of inlet; l  position of outlet;  
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1  torque of BP; 2  torque of OT; f  friction torque of OT-BP; 1I  moment inertia of BP; 2I  
moment inertia of OT;   angular rotation velocity of OT-BP 
The lubricating system of large-scale steam turbines is a complicated network system, consisting of 
mechanics, electronics, fluid pipes, instruments, fluid regulation and control. A traditional method of 
designing the system is based on stable calculation and analysis [1]. However, this traditional method is 
expensive and difficult to conduct. Moreover, as the operation parameters of the sets are raised and the 
unit capacity is increased, the traditional method cannot guarantee the safety qualification. Hence the 
research method of numerical simulation has important significance for optimizing the system and 
enhancing the reliability of operations [2-3]. With the help of numerical simulation, the analysis could be 
conducted in the time domain, and the change trend of various parameters could be simulated. Through 
the simulation, the similarity degree between the requirements expected and the results obtained are 
comprehensively presented. Consequently, a more reasonable structure and optimized parameters are 
derived from the gradual improvement of the dynamic characteristics [4]. 
As a prime mover, coaxial with booster bump (BP), oil turbine (OT) aims to supply oil to lubricating 
system, and to impel BP to provide main oil pump (MOP) pressure oil [5-6]. And the output power for 
the BP should be magnitude-qualified and with satisfactory efficiency. Fig. 1 shows the plane view 
drawing of an OT and Fig. 2 presents the flow passage picture of an OT at equilibrium state, from which 
the configuration and working principles can be obtained.  
                  
Fig.1. Plane view drawing of oil turbine  (left）                                                       
Fig.2. Flow passage of the oil turbine at equilibrium state (right) 
2. Theoretical Prediction and Mathematical Model 
In the process of numerical simulation, firstly, a preliminary analysis of the system is basic to obtain 
the modelling theories and the modelling methods, which predict the mathematical models of the dynamic 
characteristics. Secondly, through converting the high-order differential governing equations to first-order 
differential equations, and through applying the numerical integrations to the first-order differential 
equations obtained, the dynamic characteristics of the system could be worked out [7].  
To allow the research of the dynamic characteristics practical and understandable, a reasonable 
assumption is introduced to simplify the system to be a one-dimensional one. The inner parameters 
change of each single component is negligible in the condition of researching the whole system. Hence 
the change rate of the fluid is considered constant. Based on the assumption, lumped parameter method is 
employed to set up the mathematical models. The connection between two components is done by 
employing node method. For the connected two components, the pressure of the former is equal to the 
latter. The flow rate between the connected components is in accordance with the Kirchhoff's Current 
Law (KCL) [8]. The mesh of the network is in accordance with the Kirchhoff’s Voltage Law (KVL). The 
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terminal components comprise the boundary conditions of the system. The lumped parameter models, the 
parameters of the terminal components and the matrix equations of KCL and KVL comprise the 
mathematical models of the system. 
 2.1. The main governing equations of one-dimensional uncompressible fluids 
As it is discussed above, the governing equations could be simplified to a model, which contains only 
algebraic operation and ordinary differential of the instantaneous values for the corresponding parameters.  
1) Mass conservation equation of lumped parameters 
                                                                          
e l
dM w w
dt
                                                                (1) 
2) Energy conservation equation of lumped parameters 
   e e e e l l l l s
dU dvw u PV w u PV q w P
dt dt
      
                              (2) 
3) Momentum conservation equation of lumped parameters 
                                             
   lelleecllee zzgAFwPAPAgvwvwdt
dG
 
                             (3) 
2.2. Module of the component of oil turbine 
The OT and the BP are connected by a vertical axis. The inlet of OT is connected with the 
outlet of BP. Coaxial with the OT, the BP is impelled by the output power of the OT.   
                                             1 1 1 1
1
dH H Q H d
dt Q t w dt
  
 
  
                                                      (4) 
The operation process of OT is the inverse process of a pump. Accordingly, the 
performance curve of OT is the inverse performance curve of a pump. 
 2 2 2 2
2
dH H Q H d
dt Q t w dt
  
 
  
                                                    (5) 
Where: 
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Curves of BP and OT, respectively.  
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3. Analysis of Experimental Results 
At the condition of increased flow rate, the head and the torque of OT gradually increase with a bigger 
increasing acceleration ratio than BP, as it is shown in Fig. 3 and Fig. 4. The differences of increasing 
acceleration ratio between BP and OT are most probably attributable to opposite application. With 
increased flow rate, OT provides more pressure to BP. When the torque of BP increases, the output power 
increases too. Besides, the output power for BP should be magnitude-qualified and with satisfactory 
efficiency. Therefore, the pressure of OT will increase faster than the decrease ratio of BP, so that OT can 
guarantee that the BP could be well impelled to provide MOP pressure oil. 
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Fig. 3. Curve of flow rate-head of OT (left)                                                        
Fig. 4. Curve of flow rate-torque of OT (right) 
 
4. Results and Discussions 
In the start-up procedure, both the initial rotation velocity and the initial flow rate are assumed as 0. As 
it is presented in Fig.5, in the first stage the flow rate in the OT is far from enough to impel BP to rotate, 
hence an auxiliary pump set in parallel with BP starts to supply oil. When the oil from the auxiliary pump 
flows into the OT, OT gradually rotates to supply pressure oil and output power to BP. The pressure oil 
and the output power are converted into work in BP when the torque is loaded on the blades of BP. When 
the BP starts rotating, the coaxial OT rotates. The outlet of BP is connected in parallel with the outlet of 
auxiliary pump. The outlet pressure of BP is much lower than the outlet pressure of auxiliary pump at this 
stage. Whereas the smaller flow rate will cause less resistance torque, and the rotation velocity of OT will 
swiftly increase. When the pressure and the output power for BP meet the requirements, the auxiliary 
pump will stop working. The more oil flows in BP, the more resistance torque happens to BP. This will 
result into slowing down the rotation velocity of BP (OT), as it is shown in the second stage of Fig. 5. 
When the BP capability of applying work gets bigger, BP supplies MOP more pressure oil, and there will 
be more oil in OT. This change of flow rate will bring more dynamic torque in OT, due to the resistance 
torque in BP is balanced. The rotation velocity of OT-BP will gradually get to the designed operation 
condition, and keep stable. 
         
Fig. 5. Curve of rotational velocity vs. time of the OT  (left)                       
Fig. 6. Curve of flow rate vs. time of the OT (right) 
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Fig.6 shows that with the flow rate of auxiliary pump getting bigger, the flow rate of OT gets bigger 
too in the first stage. Whereas when the auxiliary stops working, the flow rate of OT will accordingly 
decrease, as it is shown in the second stage of Fig. 6. When BP supplies MOP more pressure oil, there 
will be more oil flowing into the OT. When the BP capability of applying work gets to the extreme value, 
the flow rate of MOP will keep stable, and the flow rate of OT will keep stable in the designed operation 
condition. Therefore, Fig. 3 and Fig. 4 illustrate that OT operates safely and smoothly in the start-up 
procedure. There is no sharp change of flow rate or rotation velocity. Fig. 7 shows the OT distributions of 
pressure contour and velocity vector at equilibrium state, when the start-up procedure is fulfilled. 
                           
(a) Distributions of pressure contour                                                      (b) Distributions of velocity vector 
Fig. 7. Distributions of the pressure contour and the velocity vector of OT at equilibrium state 
5. Conclusion 
This numerical simulation approach employed in the work is guaranteed to denote the actual working 
conditions and real operations. The results obtained from numerical simulations are consistent with both 
the theoretical prediction and the experimental results. The dynamic characteristics tendency curves of 
flow rate and rotation velocity are acceptable and explanatory, without sharp flow separation or 
unacceptable acceleration ratio of rotation velocity inspected. The acceleration ratio of rotation velocity is 
comparatively larger in the first stage, placid in the second stage and eventually keeping stable at the 
designed operation condition. The acceleration ratio of flow rate is correspondingly in resemblance with 
the tendency curves of the rotation velocity in the three stages of start-up procedure. The agreement 
among the theoretical prediction, the experimental results and the numerical results is in general 
satisfactory. The numerical simulation approach could serve as a basis for the optimization and retrofit of 
the dynamic characteristics of complicated fluid systems in further research. 
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